4) 



metal-organic compounds 
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The title complex, [Rh(C 2 nH 15 N 2 OS)(C 8 H 12 )], exhibits an 
essentially square -planar coordination environment around 
the Rh 1 atom, which bears a bidentate cyclooctadiene ligand 
as well as a monoanionic bidentate benzoylthioureate ligand. 
The Rh 1 atom, the S- and O-donor atoms and the alkene 
centroids of the cyclooctadiene ligand do not deviate by more 
than 0.031 A from their least mean-squares plane. 

Related literature 

For rhodium complexes containing related monoanionic 
bidentate ligands, see: Trzeciak et al. (2004); Roodt et al. 
(2011); Crous et al. (2005); Guiseppe et al. (2011); Venter et al. 
(2009). For bidentate thioureato ligands, see: Sacht et al. 
(2000«,i>); Kemp et al. (1997). For Rh 1 complexes bearing 
cyclooctadiene and S,0-bidentate ligands, see: Grim et al. 
(1991); Hesp et al. (2007). For Rh 1 complexes bearing a thio- 
urea ligand and cyclooctadiene, see: Kotze et al. (2010); Cauzzi 
et al. (1995). For trisubstituted thiourea ligands, see: 
Hernandez et al. (2003); Arslan et al. (2003). 




b = 11.2293 (5) A 
c = 11.5316 (5) A 
a = 90.408 (2)° 
P = 91.684 (2)° 
y = 112.1831 (18)_° 
V = 1174.69 (9) A 3 

Data collection 

Bruker X8 APEXI1 4K KappaCCD 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2007) 
= 0.843, r max = 0.927 

Refinement 

R[F 2 > 2a(F 2 )} = 0.028 

wR(F 2 ) = 0.07 

S = 1.04 

5583 reflections 



Table 1 

Selected bond lengths (A). 



Z = 2 

Mo Ka radiation 
/i = 0.84 mm~' 
T = 100 K 

0.22 x 0.17 x 0.09 mm 



12388 measured reflections 
5583 independent reflections 
5014 reflections with / > 2o(I) 
R in . = 0.025 



298 parameters 

H-atom parameters constrained 
Ap„ax = 0.66 e A~ 3 
A/) mi „ = -1.01 e A~ 3 



Rhl-05 


2.0537 (16) 


Rhl-Sl 


2.2942 (10) 


Rhl-C21 


2.116 (2) 


C01-O5 


1.263 (2) 


Rhl-C22 


2.131 (2) 


C01-N1 


1.330 (3) 


Rhl-C25 


2.148 (2) 


C02-N1 


1.346 (3) 


Rhl-C26 


2.155 (2) 


C02-S1 


1.726 (2) 



Experimental 

Crystal data 

[Rh(C 20 H 15 N 2 OS)(C 8 H 12 )] 
M r = 542.50 



Triclinic, PI 

a = 9.8028 (4) A 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT- 
Plus (Bruker, 2007); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
Mercury (Macrae et al, 2008); software used to prepare material for 
publication: WinGX (Farrugia, 1999). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: WM2654). 
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(N-Benzoyl-N^N f -diphenylthioureato-/c 2 S,0)(i/ 4 -cycloocta-1,5-diene)rhodium(l) 

Stefan Warsink and Andreas Roodt 

Comment 

Rhodium complexes bearing bidentate ligands that bond through (T-interactions, such as /3-diketonates and 8-hydroxy- 
quinolates are well known (Trzeciak et ah, 2004; Guiseppe et ah, 201 1). These bidentate ligands are compatible with a 
wide range of other ligands such as carbonyls and phosphines (Crous et ah, 2005; Venter et ah, 2009; Roodt et ah, 2011). 
Also regularly employed are thioureato ligands (Sacht et ah, 2000a,b; Kemp et ah, 1997). 

The title compound [Rh(C8Hi2)(C2oHi5N 2 OS)], (I), bears a benzoyl-functionalized thioureato moiety (Arslan et ah, 
2003), which can coordinate as a mono- or a bidentate ligand, depending on the metal and the other ligands present. With 
this specific ligand class, it was found that the peripheral substitution pattern significantly influences the coordination 
behaviour. When an AyV^jV'-trisubstituted thiourea ligand was employed, as is the case in this study, the thiourea 
coordinates as a monoanionic bidentate ligand, whereas an AfN'-disubstituted thiourea coordinates only through its 
sulfur-atom as a neutral monodentate ligand which is stabilized through intramolecular hydrogen bonding (Cauzzi et ah, 
1995; Kotze et ah, 2010). One of these hydrogen bonds ensures that the sulfur and oxygen atoms are in a mutual trans- 
position, which stabilizes the pre-ligand in such a way that bidentate coordination is prevented. In the tri substituted 
variation used in this study, this intramolecular interaction is not possible (Hernandez et ah, 2003), which enables the 
ligand to coordinate through its sulfur and oxygen atoms simultaneously. This structural report is only the third in which 
a rhodium complex bears both cyclooctadiene and 5,0-bidentate ligands (Grim et ah, 1991; Hesp et ah, 2007). 

The geometric parameters show that the rhodium(I) atom in the title compound has an essentially square planar 
coordination sphere. The deviation of the rhodium ion from the least mean squares plane, defined by the rhodium, oxygen 
and sulfur atoms and the centroids of the cyclooctadiene alkene bonds, is 0.001 A. The donor atoms of the thioureato 
ligand and the centroids do not deviate more than 0.031 and 0.011 A, respectively. The 5,0-ligand exhibits a bite angle of 
92.60 (5)°, and the cyclooctadiene ligand shows a bite angle of 87.90 (8)°. The bond lengths of the ligands to rhodium are 
all within the expected range for a compound of this type. The monoanionic ligand shows electron derealization so that 
the bond lengths fall between those of single and double C — O, C — S and C — N bonds. There are no significant 
intermolecular interactions. 

Experimental 

The title compound was prepared by adding 0.4 mmol of N-benzoyl-AyV'-diphenyl thiourea to a suspension of 0.2 mmol 
[RhCl(cod)]2 (cod is cyclooctadiene) in 5 ml of dichloromethane. The orange suspension changed into an orange solution, 
from which a yellow precipitate formed. After one hour of stirring, the yellow solid was isolated by filtration with a yield 
of 197 mg (90%, 0.36 mmol). »H NMR (300 MHz, CDCh): S 7.66 (d, V(HH) = 7.4 Hz, 2H, o-benzoyl-H), 7.5-7.2 (m, 
13H, 2x Ph, benzoyl), 4.71 (m, 2H, cod-alkene), 3.84 (m, 2H, cod-alkene), 2.6-2.4 (m, 4H, cod-alkane), 2.1-1.9 (m, 4H, 
cod-alkane). Yellow crystals of (I) were obtained by slow evaporation of a dichloromethane solution. 



Acta Cryst. (2012). E68, m1053-m1054 



sup-1 



supplementary materials 



Refinement 

The hydrogen atoms were added geometrically and refined as riding on their parent atoms, with C — H distances of 0.95 
A for phenyl H atoms, of 1.00 A for those bonded to sp 2 C atoms and of 0.99 A for those bonded to sp 2 C atoms of the 
cyclooctadiene ligand. The thermal displacement coefficients C/i S0 (H) were set to 1.2£/ cq (C) of the corresponding parent 
atoms. 

Computing details 

Data collection: APEX2 (Broker, 2007); cell refinement: SAINT-Plus (Broker, 2007); data reduction: SAINT-Plus (Broker, 
2007); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: Mercury (Macrae et ah, 2008); software used to prepare material for publication: 
WinGX {Vaxmgia, 1999). 




Figure 1 

Molecular structure of (I). Displacement ellipsoids are drawn at the 50% probability level. H-atoms have been omitted for 
clarity. 

(iV-Benzoyl-iV',iV'-diphenylthioureato- K 2 S,0)(// 4 -cycloocta-1,5-diene)rhodium(l) 

Crystal data 

[Rh(C 20 H 15 N 2 OS)(C 8 H 12 )] Triclinic, PI 

M r = 542.50 Hall symbol: -P 1 
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a = 9.8028 (4) A 
b= 11.2293 (5) A 
c= 11.5316(5) A 
a = 90.408 (2)° 
R = 91.684 (2)° 
y= 112.1831 (18)° 
F= 1174.69 (9) A 3 
Z=2 

7^(000) = 556 
Data collection 

Broker X8 APEXII 4K KappaCCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co and tp scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2007) 
T mm = 0.843, T mwl = 0.927 



D x = 1.534 Mgrn" 3 

Mo Ka radiation, 1 = 0.71069 A 

Cell parameters from 7390 reflections 

(9 = 2.7-28.4° 

ju = 0.84 mm" 1 

T= 100 K 

Cuboid, yellow 

0.22 x 0.17 x 0.09 mm 



12388 measured reflections 
5583 independent reflections 
5014 reflections with I > 2a{I) 
R mt = 0.025 

#max = 28°, 0 m i n = 1.8° 

h = -12— >12 
yt= -14^14 
/= -14^15 



Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2<t(^ 2 )] = 0.028 

wRiF 2 ) = 0.07 

S = 1.04 

5583 reflections 

298 parameters 

0 restraints 

0 constraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll^F 2 ) + (0.0309P) 2 + 0.959 IP] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max = 0.001 
Ap max = 0.66 e A" 3 
Ap m i n = -1.01 e A" 3 



Special details 

Experimental. The intensity data was collected on a Broker X8 ApexII 4 K Kappa CCD diffractometer using an 
exposure time of 10 s/frame. A total of 1166 frames was collected with a frame width of 0.5° covering up to # = 28.00° 
with 98.3% completeness accomplished. 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 1 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a{F 1 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
x y z U lso */U eq 



Rhl 0.208984(18) 0.353095 (14) 0.129434(13) 0.01276 (6) 

C01 0.2830(2) 0.59145 (18) 0.28171 (17) 0.0130(4) 

C02 0.2300(2) 0.41377(19) 0.40937(17) 0.0140(4) 

C03 0.3203 (2) 0.73436 (19) 0.28531 (18) 0.0140(4) 

C04 0.3589 (2) 0.8052 (2) 0.18426(19) 0.0171 (4) 
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A O /"5 \ 

0.3 (3) 


pn r> 1 i POzT POT 

Czz — Kill — Czo — Cz7 


A O TO / 1 T\ 

-42.78 (17) 


PAA P1 A p 1 -> 

N2 — C09 — C 1 4 — C 1 3 


1 TT PA / 1 ON 

177.69 (18) 


POC T»1 1 PO/" POT 

C25 — Rhl — C26 — C27 


1 1 A 1 ZO\ 

-119.1 (2) 


P 1 O P 1 1 P 1 /I PAA 

C12 — CI 3 — C14 — C09 


0.8 (3) 


C 1 T> 1 1 PO /" P O T 

SI — Rhl — C26 — C27 


58.7 (3) 


p^A pic p i /_ PIT 

C20 — C 1 5 — C 1 6 — C 1 7 


1 O /"?\ 

1.2 (3) 


PIC p -> /_ POT POO 

C25 — C26 — C27 — C28 


A A 1 /")\ 

-94.1 (3) 


xto pi c pi£ rn 
JNz — C 1 3 — C 1 0 — C 1 / 


1 TO OO /1 A\ 

l /o.oo (lyj 


nil PO£ POT POO 

Rnl — C26 — C2 / — C2o 


1 o a /o^ 
— 12.9 (2) 


nir P 1 £ P i i~t p 1 O 

C15 — CI 6 — C17 — C18 


A /I /">\ 

-0.4 (3) 


POO PO 1 POO POT 

C22 — C2 1 — C2 8 — C27 


A a n /o \ 

44.9 (3) 


P 1 Z' P 1 1 P 1 O P 1 A 

C 1 6 — C 1 7 — C 1 8 — C 1 9 


-0.6 (3) 


~n i -i p ^\ i po o p o t 

Rhl — C21 — C28 — C27 


—35.9 (2) 


pn p i o pia p^a 

C 1 7 — C 18 — CI 9 — C2 0 


A T f~i \ 

0.7 (3) 


/"■->/_ POT PTO PT1 

Czo — Cz7 — Czo — Cz 1 


TOO /"} \ 

32.2 (3) 


p 1 1, pk poa rin 
C 1 0 — C 1 5 — C2U — C 1 9 


-1.0 (3) 


p. r p/\ i XT1 PAO 

(J j — COl — JN 1 — COz 


a /; t a\ 
— U.6 (4) 


p -i c P O A P 1 A 

N2 — C 1 5 — C20 — C 1 9 


1 TO "7A / 1 0\ 

-178.70 (18) 


P AO PA 1 XT 1 P AO 

C03 — COl — Nl — C02 


1 T A CA /1 A \ 

-179.59 (19) 


P 1 O P 1 A PIA P 1 C 

C 1 8 — C 1 9 — C2 0 — C 1 5 


0.0 (3) 


"KTO P AO XT 1 PA 1 

N2 — C02 — N 1 — COl 


1 T /" O O / 1 A\ 

176.38 (19) 


PC r> i i P O i pn 

(J 5 — Kill — C21 — C22 


1 zT*7 OT f 1 T\ 

—167.87 (17) 


C1 p AO XT1 p A 1 

SI — C02 — Nl — COl 


~i T /O \ 

-3.7 (3) 


PTC ni,i po | pT) 

C25 — Kill — Czl — Czz 


— 66.U6 (14) 


VT1 PAO XTO PAO 

JN 1 — CU2 — JNz — C09 


1 AT / 1 0\ 
— 1 //.0/ (18) 


po r t> i 1 pi i p t 1 

C26 — Rhl — C2 1 — C22 


1AA OT /1 

-100.37 (14) 


C 1 PAO TvTO PAA 

SI — C02 — N2 — C09 


3.0 (3) 


C1 T> 1- 1 pn POO 

SI — Kill — Czl — Czz 


C\H AC / 1 0\ 

96.05 (12) 


XT1 PAO "KTO pi C 

N 1 — C 02 — N 2 — C 1 5 


O O /T\ 

3.3 (3) 


p C T>1_ 1 PT1 POO 

(J 5 — Kill — Czl — C28 


A C A /O \ 

—45.4 (3) 


C 1 PAO XTO P 1 C 

S 1 — C02 — N2 — C 1 5 


1 T/T /TO / 1 C\ 

-176.63 (15) 


POO nt,i po 1 poo 

Czz — Kill — Czl — C2o 


1 OO A /OS 

VILA (2) 


P 1 A PAA XTO PAO 

C14 — CU9 — JNz — CU2 


OO A ZO\ 

oa.4 (Z) 


P O C A 1 1 P O 1 PO O 

C25 — Rnl — C21 — C28 


56.38 (17) 


P 1 A PAA TvTO PAO 

C 1 0 — C09 — N2 — C02 


A A O /O \ 

-94.2 (2) 


PO/^ PO 1 poo 

C26 — Kill — C2 1 — C28 


O O A*7 / 1 C\ 

22.07 (15) 


p 1 /] PAA TvTO pi C 

C14 — C09 — N2 — C15 


AO A /OA 

-92.0 (2) 


ci nui po 1 poo 

SI — Rnl — C21 — C28 


1/11 C 1 /1 c\ 

-141.51 (15) 


pia pnn tvto pic 

C 1 0 — C09 — N2 — C 1 5 


OC A ZO\ 

85.4 (2) 


no po 1 poo poo 

C28 — C21 — C22 — C23 


1 O /I \ 

3.8 (3) 


pi/; P 1 C XTO PAO 

C 1 6 — C 1 5 — N z — COz 


OA O /O \ 

84.2 (3) 


Til, 1 PO 1 POO POO 

Rnl — C21 — C22 — C23 


1 AC O O / 1 A\ 

105.22 (19) 


PIA p 1 c XTO PAO 

CzO — C 1 5 — N z — COz 


AO 1 ZO\ 

-98.1 (2) 


POO PO 1 POO Til. 1 

C2 8 — C2 1 — C22 — Rn 1 


1 A 1 A ZO\ 

-101.4 (2) 


p 1 /" P 1 C XTO p A A 

C 1 6 — C 1 5 — N 2 — C09 


AC A ZO\ 

-95.4 (2) 


PC T>l_1 POO PO 1 

05 — Rnl — C22 — C21 


167.77 (18) 


POA P1 C XTO PAA 

C20 — C15 — N2 — C09 


oo o /o\ 

82.3 (2) 


poc nil poo po 1 

C25 — Rnl — C22 — C21 


1 1 1 AO / 1 /I \ 

113.92 (14) 


XT1 p A 1 PC Til* 1 

N 1 — COl — <J5 — Kill 


O O /") \ 

o.o (3) 


PO/^ r"> 1 i POO PO 1 

C26 — Rnl — C22 — C21 


a A /1 T\ 

77.09 (13) 


PA") p A 1 PC T)l~1 

C03 — COl — U5 — Rhl 


1 TO 1 C / 1 O \ 

-172.15 (13) 


C 1 T1L1 POO PO 1 

SI — Rnl — C22 — C21 


OA OA / 1 0\ 

-84.89 (12) 


po 1 n 1. 1 pc pm 
C21 — Rnl (J5 COl 


1AJ o ZO\ 

-104.8 (3) 


PC T") U 1 POO POO 

Uj — Rnl — C2z — C2J 


48.8 (3) 


POO I") U 1 PC PA1 

C2z — Rnl — U5 — CU1 


AO O /"3\ 

9o.z (3) 


C21— Rhl— C22— C23 


-119.0 (2) 


C25— Rhl— 05— COl 


151.38 (19) 


C25— Rhl— C22— C23 


-5.05 (17) 


C26— Rhl— 05— COl 


-171.10(19) 


C26— Rhl— C22— C23 


-41.89(17) 


SI— Rhl— 05— COl 


-9.30(18) 


SI— Rhl— C22— C23 


156.14(16) 


Nl— C02— SI— Rhl 


0.0 (2) 


C21— C22— C23— C24 


-92.8 (3) 


N2— C02— SI— Rhl 


179.91 (14) 
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Rhl— C22— C23— C24 
C22— C23— C24— C25 
C23— C24— C25— C26 
C23— C24— C25— Rhl 
05— Rhl— C25— C26 



-12.0(3) 

30.3 (3) 

47.4 (3) 
-33.8 (2) 
94.60 (13) 



05— Rhl— SI— C02 
C21— Rhl— SI— C02 
C22— Rhl— SI— C02 
C25— Rhl— SI— C02 
C26— Rhl— SI— C02 



4.43 (9) 
164.79 (10) 
-156.91 (10) 
-82.05 (19) 
102.1 (2) 
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